Urban residential land suitability evaluation is an important part in the general land use planning. Its result guides us to the optimum living environment. Grounded on evaluation features, the paper established an evaluation index system consisting of 32 indexes in 4 layers. A case study of a residential area in Wenzhou is made to further practice this comprehensive evaluation, the result of which helps improve the living environment in the related area.
Introduction
In 1933, Athens Charter put forward the idea that residence is the top priority of a city. The location where residence predominates is called the residential land, amounting to 20-32% of the urban constructional land [1] . The suitability evaluation of residential land is part and parcel of general urban land use planning, because it lays a scientific foundation for a reasonable land layout, it promotes an intensive and efficient use of land, it improves the land use structure and it helps the overall functions of a city better exercised. It is considered a prominent prerequisite for an optimized living environment [2] . Pitifully at present, there are few quantitative approaches simple and effective enough to ensure a good evaluation. Therefore, based on the evaluation features of residential land, our research tried to build an index system and evaluate in the framework of fuzzy comprehensive evaluation model. The suitability is finally tested.
Urban Residential Land Suitability Evaluation Index System
The general principles for the Urban Residential Land Suitability (URLS) Evaluation index system are as follows [3] : 1) the concise and scientific principle. The number of indexes needs to be scientifically set because excessive indexes may result in index overlapping whereas insufficient indexes may lead to information missing; 2) the principle of systematical integrity. The indexes, independent as well as interrelated, are united into an organic evaluative system with hierarchical features; 3) the principle of comparability, quantification and feasibility. For the purpose of a good comparison, the indexes must include common features of the evaluative objects. For sake of a good calculation, qualitative indexes are supposed to be assigned values and quantitative indexes can be directly quantified. The feasibility principle requires convenience in availability and analysis of index data; 4) the objective principle. The indexes are considered as the basic guarantee for an objective and accurate evaluation. Thus, it is important to promise the objectiveness of the whole index system and ensure the reliability and accuracy of datum sources.
Based on urban residential land features, our research puts forward a URLS evaluation index system. It is a four-layer system (i.e. the layer of goal, criteria, indexes, and indicators) which consists of 32 indicators. The layer of goal is specifically represented by the criterion layer which is further represented by the evaluation index layer. The systematic structure is as Table 1 .
URLS fuzzy comprehensive evaluation method
Fuzzy comprehensive evaluation is grounded on Fuzzy Mathematics. The theory of fuzzy relation composition is applied in the quantification and evaluation of the factors which are with fuzzy boundaries and are unlikely to be rationed [4] . Those involved basic elements are: 1) the factor set
, which is the set of all the factors evaluated; 2) the evaluation set
, which includes all the evaluations given; 3) the assessment of single factors, namely, the judgment of individual factors
is finally worked out.
Process of URLS Fuzzy Comprehensive Evaluation
Step one: determine the factor set U and the evaluation set V . , individual factors are likely to be evaluated in different levels corresponding to real conditions. In general, the evaluation scale m is the integer in [3, 7] , because it turns to be hard to describe and score if m is much larger than 7. It does not meet as well the requirements of comprehensive evaluation if m is much smaller than 3.
Step two: determine the weight setÃ .
The weight refers to people's preference over different factors. There are usually three ways to ascertain the weights, that is, the agreement from experts, comparison and contrast between two factors, and analytical hierarchy process (AHP). The method of analytical hierarchy process is adopted in this study [5] .
Step three: build the expert evaluation matrix R .
After the introduction of background knowledge and collection of statistic data, the experts are ready to have a fuzzy evaluation about all the related factors.
The evaluation score of a certain factor ) ,
indicates the probability of the j th evaluation to the goal, with a start from the i th factor. If i is fixed, ) , , , ( 2 1 im i i r r r Λ represents the fuzzy subset of a single-factor evaluation, to start with the specific i th factor. The evaluation fuzzy subset of various factors, however, finally constructs an evaluation matrixR .
Step four: comprehensive evaluation. The final score of the fuzzy comprehensive evaluation is The evaluation score is a fuzzy vector rather than a point value in that it involves membership of the fuzzy subset of all scales. Therefore, a further operation on the basis of maximum membership principle, weighted average principle, fuzzy vector uniformization and other methods alike, will help to reach a direct judgment and explicit assessment.
Application
Based on the URLS evaluation index system, the study has made a fuzzy comprehensive evaluation on the suitability of a residential area in Wenzhou city. The weights of all indexes are figured out by analytic hierarchy process, as shown in table 1.
The process for fuzzy comprehensive evaluation is:
Step one: determine the factor set and evaluation set. According to the index system in Table 1 , we determine a factor set } { 10 1
And we determine an evaluation set V= } , , , {
={strong suitability, moderate suitability, weak suitability, unsuitability}.
Step two: determine the weight set.
In Table 1 , the weights from layer C (indexes) to layer B (criteria) and the weights from layer B (criteria) to layer A (goal) are easily worked out. The weight sums from layer C to layer A is therefore obtained, which is shown as: Step three: build the expert evaluation matrix. The Delphi method was applied in the single-factor evaluation. First of all, we collected and mailed the data, together with an instructional manual, to 25 experts in Wenzhou (with 22 effective feedbacks). Then, we counted the occurrence of each evaluation factor and calculated further the corresponding frequency. The frequency turns to be the evaluation result of index-layer single factor. For some reasons, the present study focuses on the quantitative evaluation of the suitability index layers C 1 to C 10 . The statistic result is shown in Table 2 . The resulted evaluation matrix is: Generalizing from the maximum membership principle, we conclude that the URLS scale in the related Wenzhou residential area is "moderate". It is suggested that living facilities, cultural and educational equipments and comprehensive management of local area be made better. Weak points, such as inconvenience in food shopping, worse environment, lack of cultural and sports facilities and relatively-poor public security, should all be improved.
Conclusion
URLS evaluation is of great importance and practical significance for a better civil living environment. Our research lays a scientific foundation for city planning and management. The evaluation model established in our research offers a reasonable assessment on targeted residential areas, beneficial to site selection and project listing. The weak points which make suitability suffer can be found, and countermeasures can be consequently taken to improve the living environment. An evaluative report system is supposed to be set up to further facilitate approval procedures.
